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Prediction of wind power

In areas such as the Western part of Denmark and the northarafgsermany, reliable
wind power predictions are needed in order to ensure safe@mbmic operation of the
power system.

Accurate wind power predictions are needed with differeatition horizons in order to
ensure

(a few hours) efficient and safe use of regulation power (spgreserve) and the
transmission system,

(12 to 36 hours) efficient trading on the Nordic power exchahgpedPool,
(days) optimal operation of the large central CHP plants.

Predictions of wind power are needed both for the total supm@a as well as on a regional
scale.

For all the major Danish power utilities with r%:’l?fa to wirmh@r the required wind power
predictions are provided by a prediction todiVin il‘:’ower Prediction Tool (WPPT) —

developed at IMM/DTU. T
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Modelling approach

WPPT can be used to predict the power production for indasfigind farms (offshore or
onshore), or for wind turbines distributed over a largeaaréhe wind turbines in the region
may be grouped according to:

Geographical distribution ideally following the weatherimats.

Legislation governing the connection (in Denmark the wintitugs in each sub-area
have been grouped in prioritized production and non-grasd production).

Other relevant criterias.

Depending on the configuration WPPT requires input from ¢llewing sources:
Online measurements of wind farm prod. (updated every Smirhr).

Aggregated high resolution energy readings from all win@ites in the groups
defined above (updated with a delay of 3-5 weeks).

Forecasts of wind speed and wind direction covering wind $aamd sub-areas
(horizon 0—48(120)hrs updated 2—4 time f‘a day).

Other measurements/predictions (local wind gb‘éed-!st;ahl,b. can be use)
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Configuration Example No. 1

This configuration of WPPT is used by &
TSO in Denmark. The following charac-

terizes the installation: L/

A large number of wind farms and

Power Curve
Model

stand-alone wind turbines.

Frequent changes in the wind

turbine population as old wind
turbines are decommissioned and | ) . 2
replaced by new and larger E\ V] @
machines. | | I

Offline production data with a
resolution of 15 min. is available
for more than 99% of the wind
turbines in the area. The data Is
released with a delay of 3-5
weeks.

No online data enters the models.

i
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Total prod
prediction
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Configuration Example No. 2

This configuration of WPPT is used by &

-

- Pow

large wind farm owner in Denmark. Char-
acteristics for the installation:

A

er Curve

A reasonable (< 20) number of
wind farms.

Infrequent changes in
configuration for the wind farms.
The number of online wind farms
IS not expected to change much.

Online data for all wind farms of

Vs
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( Model
.| Dynamic

Model

J

Onlme prod.
_ data

‘ NWP data ‘

Online prod.
@ prediction
Total onl. prod.
prediction

the owner are available.

Offline production data with a res-
olution of 15 min. is available for
more than 99% of the wind tur-
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bines in the area as a grand total

The data is released with a delay o
3-5 weeks.

i

Total prod.
prediction
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Configuration Example No. 3

This configuration of WPPT is used by & ﬁx ;ﬁ\ S POV'\VAede:“VG |
TSO in Denmark. Characteristics for the |~ d ofe
installation: \ - ’ Dynamic
Model
A large number of wind farms and ?h\ 2
stand-alone wind turbines. ' 322”.3.2?"
. : Upscalin
Frequent changes in the wind P m
turbine population.

Offline production data with a
resolution of 15 min. is available
for more than 99% of the wind
turbines in the area.

Online data for a large number |
of wind farms are available. The |
number of online wind farms in- |
creases quite frequently.

Area prod.
prediction

\ Total prod.
prediction
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Uncertainty estimation

It is crucial that a prediction tool delivers reliable estit@s of the
uncertainty of the wind power prediction.

We consider three methods for estimating the uncertaintiyeof
forecasted wind power production:

Adaptive variance estimation.

Ensemble based - but corrected - quantiles.

Quantile regression.
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Raw quantiles — directly by MET ensembles

ECMEF, Tung
(offshore park),
29/6, 8/10,
10/10 (2003).
25%, 50%,
75%, quantiles.
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Quantiles — corrected by stat. model

Tung (offshore
park), 29/6,
8/10, 10/10
(2003). 25%,
50%, 75%,
guantiles.
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WPPT (Wind Power Prediction Tool) is installed at the follagyiDanish utilities:
Eltra — TSO for the western part of Denmavkyw.eltra.dk)

Elsam — CHP and wind farm owner in the western part of Denmark
(Www.el sam.com).

Elkraft — TSO for the eastern part of Denmawvkgw.el kraft.dk).

E2 — CHP and wind farm owner in the eastern part of Denmaw(e2.dk).
It is installed — or going to be installed in the near futurd tha following utilities
outside Denmark:

Nuon (Holland)

ESB (Ireland)

EDF (France)

Sotavento (Spain)

EWE (Germany)

PPC (Greece) &/
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Thank you for your attention!
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